Moisture content in commercially available milk powder was investigated using near infrared (NIR) diffuse reflectance spectroscopy with an Indian low-cost dispersive NIR spectrophotometer. Different packets of milk powder of the same batch were procured from the market. Forty-five samples with moisture range 4-10% were prepared in the laboratory. Spectra of the samples were collected in the wavelength region 800-2500 nm. Moisture values of all the samples were simultaneously determined by Karl Fischer (KF) titration. These KF values were used as reference for developing calibration model using partial least squares regression (PLSR) method. The calibration and validation statistics are R 2 cal : 0.9942, RMSEC : 0.1040, and R 2 val : 0.9822, RMSEV : 0.1730. Five samples of unknown moisture contents were taken for NIR prediction using developed calibration model. The agreement between NIR predicted results and those of Karl Fischer values is appreciable. The result shows that the instrument can be successfully used for the determination of moisture content in milk powder.
INTRODUCTION
Determination of moisture content in foodstuffs is very important as the moisture influences the shelf life of food products. Depending upon the water content, storage capacity of a food item varies. In addition, it influences the cost of transportation. Above all, moisture content determines how nutritive and tasty the food is. Hence, determination of moisture content becomes inevitable in food. Accuracy of moisture determination varies with the method employed. So, moisture analysis is still in a progress stage with various problems to be solved. There are various methods existing for determination of moisture content in foodstuffs that come under two major categories, namely, direct and indirect methods [1] . Out of these direct methods, Karl Fischer (KF) titration gets attention for moisture determination [2, 3] . Near infrared spectroscopy (NIR), out of all indirect methods, is extensively investigated for the determination of moisture content [4, 5] .
Moisture analysis in milk powder has been an issue in terms of texture, flavour, shelf life, and so forth. Since it is an ingredient in many products, it should meet the required standard for customer satisfaction. Milk powder is hygroscopic in nature. Though moisture may not cause any health problems, grinding the powder (to avoid lump due to moisture) will result into change in flavour. Though different investigations are made on milk powder [6] [7] [8] [9] [10] [11] [12] , attempts on analysis of moisture in milk powder are few [13] [14] [15] .
The objective of the current research work is to assess the reliability of an indigenously built low-cost dispersive NIR spectrophotometer for quantification of moisture in commercial milk powder and to assess the possibility of employing the same process in dairy industry.
MATERIALS AND METHODS
Milk powder is one of the most suitable products to be analyzed using NIR spectroscopy, because of its uniform particle size and shape. Since milk powder has small particle size, it does not require any grinding. Milk powder of the same batch with different packing was procured from market for this study. One set of samples was prepared by drying milk powder for different timings to lower the moisture content more than the normally available level. Another set was prepared by conditioning the samples to constant relative humidity for different timings to increase the moisture level. Hence, a set of forty-five samples with a range of 4-10% moisture was obtained for analysis. Samples were well homogenized before experiments. Experiments were carried out within a very short span after sample preparation in order to minimize experimental errors.
ELICO SL-153 dispersive NIR spectrophotometer was used for recording the spectra. The instrument has grating with 300 lines/mm as monochromator. Bandwidth of the instrument is 20 nm. Ceramic block was used as reference for diffuse reflectance measurements. Spectra were recorded in the wavelength region 800-2500 nm under controlled room ambient. Sample accessory was washed with distilled water and dried completely to remove the existing moisture before loading the next sample. A reference spectrum was collected every time before scanning a new sample. Reference analysis was carried out on the same set of samples using automated Karl Fischer titrator (KAFI, Lab-India) for their moisture content. Different dissolution times were tried during KF measurements in order to optimise the results. Finally, stirring time of 6 minutes was selected to dissolve entrapped moisture present in the sample. For the KF titration, approximately 30 ml of absolute dry methanol (99.99% pure) was taken in titration vessel, and an accurately weighed sample was added to it. Then the titration was carried out with KF reagent (pyridine free) using automated KF titrator with 6-minute stirring time. The end point of the titration was determined by polarized double-pin electrode and the moisture value (in percentage) was displayed on the KF titrator screen. Solvent was replaced before every experiment. Analysis was randomly repeated for the same sample for cross checking the results obtained. The moisture values thus obtained by KF titration for forty samples were used to develop calibration model for the spectral measurements carried out. Five samples were considered as prediction set samples and their moisture values were predicted using developed calibration model. GRAMS 32 software was used for data processing and developing calibration model for prediction process. All spectra were mean-centered before analysis. Necessary smoothing was done by box-car smoothing method. Savitzky-Golay polynomial filter was used with 13 data points to obtain second derivative spectra.
RESULTS AND DISCUSSION
The overlaid spectra of milk powder with different moisture content in the wavelength region 800-2500 nm are shown in Figure 1 . The combination band of O−H stretch and O−H bending vibration mode is discernible as a strong absorption centerd at ∼ 1940 nm, in agreement with the value reported in literature. The O−H stretch first overtone appears as a medium absorption band at ∼ 1455 nm. The O−H stretch second overtone appears only as a weak band at ∼ 930 nm.
In addition, the spectrum shows a medium strong band at ∼ 1720 nm and a weak band at ∼ 1200 nm, which is attributed to first and second overtone of C−H stretch, respectively. Absorption band at ∼ 2060 nm is attributed to the N−H stretch second overtone which is due to the presence of protein constituents in the sample. It is evident from Figure 1 that there is an increase in log (1/R) values with increasing moisture content in samples. Also, occurrence of a marginal shift at ∼ 1940 nm band towards higher wavelength with increasing moisture level was observed over the experimental results. This 1940 nm band may serve as a marker band for moisture analysis in milk powder. Absence of peak at this wavelength has also been considered as a proof for absence of moisture [10] . Since absorption bands in the regions 1425-1475 nm and 1900-1950 nm are stronger, they are often applied for quantitative analysis of moisture content. Figure 2 shows second derivative spectra of two samples with different moisture levels. It is maybe observed from Figure 2 that the variation in moisture content between the two spectra (4.089% and 9.685%) is easily observable at ∼ 1455 nm and ∼ 1940 nm. The peaks at ∼ 930 nm of OH absorption band show least variation in moisture level, which may not be so effective for calibration. Hence the spectral regions 1425-1475 nm and 1900-1950 nm were chosen for calibration.
Calibration was carried out by partial least squares regression (PLSR) method. The calibration statistics for two different wavelength regions are given in Table 1 . It is clear from Table 1 that the model developed in 1900-1950 nm wavelength region has better correlation coefficient with low root mean square error of calibration. Validation was performed by cross-validation process, that is, leaving one sample of the calibration set at a time for prediction. The Table 1 . Figure 4 shows the score response of moisture for the first two principal components (PCs). Principal components are nothing but the projection of data through new variables. It is clear from the plot that each sample is distinct, but most of them set together due to closer moisture content values. The eigenvalues of the first, second, and third PCs are 96%, 2%, and 1%, respectively. Therefore these three components were used to develop calibration model. The PLSR loading vectors were strongly weighted towards the water absorbing NIR wavelengths, indicating that the PLSR calibration model mainly uses the information at these wavelengths. The first loading vector (in both cases: 1425-1475 nm and 1900-1950 nm) is almost identical to the spectrum of milk powder, and the following two loading vectors have prominent peaks in the water absorbing NIR region. The concentration residual moisture values are shown in Figure 5 . Concentration residual gives a clear picture about calibration. It explains the range of variation that the predicted concentration values exhibit for those samples present in calibration set. Moreover, the residual plot, with sample number versus, concentration residual values helps us to find out the deviation in concentration of each sample from its actual value. So, it acts as a tool to identify the outliers. It may A set of five samples was employed for prediction. Spectral measurements were made for these samples and their moisture values were determined using the developed calibration model. KF titration was performed for the same sample, set to estimate the moisture present. The NIR predicted values were compared to those of KF titration results. The comparison is given in Table 2 . The agreement in results for both methods may be observed from the Table 2 .
CONCLUSION
The reliability of Indian low-cost dispersive NIR spectrophotometer for the determination of moisture content in commercial milk powder has been explored. Forty samples with different moisture content were analyzed using NIR diffuse reflectance mode. Calibration and validation processes were 
